ABSTRACT Biological ion channels show that ultrafast ions and molecules transmission are in a quantum way of single molecular or ionic chain with a certain number of molecules or ions, and we define it as "quantum-confined superfluid" (QSF). This ordered ultrafast flow in the confined channel can be considered as "quantum tunneling fluid effect" with a "tunneling distance", which is corresponding to the period of QSF. Recent research demonstrated that artificial biomimetic nanochannels also showed the phenomenon of QSF, such as ion and water channels. The introduction of QSF concept in the fields of chemistry and biology may create significant impact. As for chemistry, the QSF effect provides new ideas for accurate synthesis in organic, inorganic, polymer, etc. We believe the implementation of the idea of QSF will promote the development of QSF biochemistry, biophysics, bioinformatics and biomedical science.
Superfluid is a cross-century topic, which was originally discovered in 4 He below 2.17 K, by Kapitsa and Allen [1,2]. The viscosity of 4 He superfluid was measured by Kapitsa, as the liquid flowed through the gap between two glass disks with distance of~500 nm, which showed the viscosity was at least 1,500 times lower than that of 4 He at normal pressure, and 10 4 times lower than that of hydrogen gas [1] . This superfluid with zero viscosity allows liquid to flow without loss of kinetic energy. Allen reported 4 He superfluid through capillaries with varying channel diameters, and found the velocity of superfluid increased rapidly with decreasing channel size [3] . In a capillary with an intrinsic diameter less than 100 nm, the fluid velocity was completely independent of pressure and the channel length, but only depending on the temperature.
Interestingly, similar phenomenon also exists in biological system. Biological ion channels embedded in plasma membranes play important roles in a wide spectrum of physiological processes such as mass transfer, energy conversion and signal transmission [4] . Taste perception, for example, functions because calcium homeostasis modulator can open and release adenosine triphosphate (ATP) rapidly when the flavorous molecules, such as sour, sweet, bitter and salty, touch its taste receptor [5] . Electric eel can generate potential differences of over 600 V with electrically active cells known as electrocytes, while the time of each electrification process is in the millisecond magnitude, owing to the ultrafast ion transport across the Na + and K + channels [6] . On the basis of biological ion channels, signals can be transmitted from the nerves to brain in the process of vision, smell, audition and tactility. Those crucial functions highly depend on their selective protein-based gatekeepers that allow extremely rapid transit (10 7 ions per channel in one second) [7] . This ultrafast mass transfer stems from the special features of the biological ion channels, e.g., small size, unique structure and surface charge distribution, which lead to peculiar properties, inducing ultrafast ion and molecule transmission in the form of single strand.
From the viewpoint of classical thermodynamics, mass transport across nanometer-scale channel with chemical selectivity should be very slow: this limitation is predicted by the Hagen-Poiseuille equation and it is because conventional laminar flow has zero fluid velocity at the pore 1 Key Laboratory of Bio-inspired Materials and Interfacial Science, Technical Institute of Physics and Chemistry, Chinese Academy of Sciences, Beijing walls [8] . In the living system, however, the fast transit of ions and molecules is precisely the state of ultrafast fluid caused by a quantized flow. For example, the NaK nonselective channel enables only one fully hydrated Na + ion to reside in the selectivity filter [9] ; the potassium filter from Streptomyces lividans contains two K + ions about 7.5 angstroms apart, with a single water molecule in between (Fig. 1a) [10,11]; and in calmodulin, each calcium channel also simultaneously binds two Ca 2+ ions [12] . These phenomena indicate that the ultrafast transit is in a quantum way of single molecular or ionic chain with a certain number of molecules or ions, i.e., "quantumconfined superfluid" (QSF). By imitating biological ion channels, our group has started the work of synthesizing smart gating nanochannels by modifying smart molecules onto the inner surface of micro/nano confined channels since 2008 [13] . And tremendous rectification with an increased critical region of the cylindrical segment was achieved in the nanochannels, whose asymmetric rectifying behavior was associated with the gradual structure and caused by the quantized flow (Fig. 1b) [14] , indicating the possibility of artificial QSF systems.
The QSF effect exhibits not only in ion transport, but also in the water molecule transport. During the past decade, researchers found that the ultrafast water flow through aligned carbon nanotube (CNT) membrane is four to five orders of magnitude faster than that predicted from conventional fluid-flow theory [8, 15, 16] . Both experimental results and simulations have demonstrated that the confined water flux could decrease one order of magnitude in the hydrophilic nanochannels, whereas it could increase up to seven orders of magnitude in the hydrophobic nanochannels compared with that of bulk water (Fig. 2a, b ) [17] . In the case of molecular dynamics (MD) simulation, Hummer and coworkers reported spontaneous and continuous filling of a hydrophobic CNT with a one-dimensionally ordered chain of water molecules (about five water molecules) and observed pulse-like transmission of water through the nanotube (Fig. 2c) [18] . It should be noted here, they ignore the fact that the inlet of CNT is hydrophilic [15] , although no influence on their results. Our simulation shows that water can only penetrate through the nanotube with hydrophilic inlet [19] . From the classical hydrodynamics, the penetration barrier in such a small channel in both biological and artificial systems is high, and the ordered ultrafast flow in the confined channel can be considered as "quantum tunneling fluid effect" (Fig. 2d) . Therefore, there should exist a "tunneling distance", which is corresponding to the period of QSF. As for potassium ions and water channels, the lengths of tunneling distance are the size of two K + ions with a single water molecule in between and water molecular strand, respectively. Based on the above idea, we have designed two-dimensional hydrophilic/hydrophobic alternative nanodomain network surface, and the QSF effect of various liquids could be obtained, exhibiting super-amphiphilicity and superspreading in macroscopic scale [20] . The as-prepared silicon wafer shows a superamphiphilic surface, i.e., both water and other organic solvents are superspreading on the surface (Fig. 3a) . Another example is two-dimensional graphene oxide (GO) nanochannels. Nair et al. [21] reported GO (with hydrophilic end- . . . . . . . . . . . . . . . . . . . . . . . . . . . . group) membranes allowed ultrafast water permeation (Fig. 3b) , but no permeation in the reduced GO. These are good examples for demonstration of the QSF on 2D surface and interfacial systems.
Besides fundamental researches, technology developments have also been carried out on the bio-inspired energy conversion systems. Our group has developed an energy conversion system based on a QSF single channel, which could generate considerable bioelectricity from the salt content in fluids, and the maximum power output ((P L ) max ) from individual nanopore reached 26 pW [22] . Besides, boron nitride nanotube and single-layer molybdenum disulfide (MoS 2 ) nanopores have also been used to develop energy conversion devices, which achieved very high power density due to the QSF effect [23, 24] . Furthermore, using the QSF effect, a series of large-scale nanochannel membranes have been fabricated and used in salinity gradient driven energy conversion systems, whose power density has almost meet the commercial standard [25] [26] [27] . As for next remaining challenge, imitating ATP energy conversion and storage process will enable us to synthesize similar functional molecules and smart membrane to realize biomimetic chemical energy storage and conversion (Personal communication with Prof. Markus Antonietti, Max Planck Institute of Colloids and Interfaces, Germany, March, 2018).
Furthermore, the introduction of QSF concept in the field of chemistry may create QSF chemistry (organic, inorganic, polymer, analysis, etc.). By imitating enzyme synthesis, this quantum superfluid, which arrange the reactant molecules in a certain order, will greatly reduce the reaction barrier and achieve highly efficient and selective chemical synthesis, such as QSF catalysis. QSF catalysis has been realized in the biosystem, i.e., the enzyme synthesis [28] , DNA synthesis [29] , and it was also extended to artificial synthesis of polybutadiene [30] . In this regard, some previous studies approached the example of QSF-like chemical reactions, including organic synthesis: Bao and coworkers [31] reported FischerTropsch synthesis confined in CNTs could increase synthetic yield by an order of magnitude; and polymer synthesis: Aida and coworkers [32] reported crystalline nanofibers of linear polyethylene with an ultrahigh mo- The QSF concept is of great significance for deep understanding ultrafast signal transit of nerves and brains, and will provide new ideas for understanding the physiological processes, including tactility, taste, vision, audition and smell, and promote the development of QSF biochemistry, biophysics, bioinformatics and biomedical science. lecular weight and higher density (Fig. 4a) . In the field of biology, almost all the living processes are completed by ion and molecule channels. The introduction of QSF will provide new ideas for understanding the scientific nature of these physiological processes, and development of QSF biochemistry, biophysics, bioinformatics and biomedical science. Especially, it is of great significance for deep understanding ultrafast signal transit between the nerves and brain (Fig. 4b) , which might be based on QSF ion waves. In conclusion, the application prospect based on the concept of "QSF" should be very broad in the field of chemistry and biology, and will further promote the development of new materials, energy conversion method, information system and medical science. 
